The effect of target contrast on saccadic latency and amplitude was investigated. Participants were asked to gaze the visual targets presented randomly with different contrast and direction, while their saccadic eye movement data were collected as EOG signals. As a result, saccadic latency was affected by target contrast within the limited range regardless of the direction of saccadic movements, and saccadic amplitude was not affected by target contrast. The results partially indicated that the potential use of appropriate contrast can be designed as indices for changing the characteristics of saccadic movements.
Introduction
Glaucoma is a highly-ranked disease that has the potential cause of the visual loss in Japan. Certain symptom of the glaucoma appeared to be subtle until the disease developed to a significant stage. Therefore early detection and treatment are important for avoiding such problem (Inakagata, et al., 1986) . This leads to the needs for developing a special perimeter as a screening device not only for glaucoma but also most of major ocular diseases. We developed a new technique for detecting visual field abnormality by means of evaluating patterns of participants' eye movements and generating visual fields overlapped with geometrical eye movement data (Kotani, et al., 2011) . In addition to the technique, we proposed a small perimeter system that presents visual targets on a head mounted display (HMD) and detects eye movements by EOGs (electro-oculography) to evaluate a visual field. In this study, we targeted to develop a system that can detect the loss of visual field in more detail, while gaining the benefit of compactness, for evaluating relative scotoma by using the characteristics of saccadic movements.
It has been reported that glaucoma patients and normal individuals have significant differences in latency and amplitude of saccades (Lamirel, et al., 2014) . We investigated the availability for the difference, i.e., whether or not such characteristics as evaluation indices for detecting relative scotoma. In order to evaluate the influence on saccades due to damage of retinal ganglion cells, experiments were needed to be performed on normal individuals by reproducing the visual appearance of the symptoms of relative scotoma by applying visual contrast.
Carpenter (2004) reported factors affecting the response latency to a visual stimulus and showed that the response latency was varied depending on the contrast of the target, however they only reported the results for saccades in the horizontal direction. In this report, we show the influence of the contrast of the target on latency and amplitude of the saccadic movements in the horizontal and the vertical directions for further development of precise visual field measurements. Based on the result, whether the potential use of appropriate contrast can be designed as indices for changing the characteristics of saccadic movements was discussed.
Method 2.1 Participants
A total of five male university students participated in the study. In this experiment, right eye was tested. Table 1 shows the eyesight of participants' examined eye. Figure 1 shows the experimental environment. Four EOG electrodes were attached to the face of participants' examined eye and the other eye was covered by an eye patch. Figure 2 illustrates how the fixation point and the target were displayed on the screen for this experiment. The procedure for the experiment was detailed as follows: 1) Initial fixation point was shown on the display.
Apparatus and experiment procedure
Participants were asked to keep gazing at the fixation point while a visual target was appeared at an arbitrary location in the visual field. 2) When participants noticed the existence of the target, they generated saccadic movements toward the target and started to gaze the target. 3) When they switched their fixation point to the target, the previous fixation point was disappeared. The target then changed the color to indicate a new fixation point. 4) The new target became a fixation point and started from the procedure 1).
When participants could not perceive the target, the fixation point was disappeared for a 2000[ms] of duration. Then, they searched the target and gazed at the target after the fixation point was disappeared. The target stepped at an amplitude of 10[deg] to either the horizontal or vertical direction of fixation point. The direction of the next target appearance was disclosed to participants, thus they were not sure where they expected to gaze until the target appeared. The size of a target was 1[deg] represented as visual angles. The contrast of the visual target was also randomly selected from five levels of 10, 17.8, 31.5, 56.2, and 100%. The experiment consisted of 100 trials in total for each participant.
Data analysis
Latency and amplitude of saccades were obtained by EOG data. Sampling rates for EOG data were set to 1000 [Hz] . When eye movements appeared within 1000 [ms] from the target presentation, the latency and the amplitude of saccades were recorded. When eye movements were contaminated by blinks, the data were excluded for further analyses. When no eye movements were generated until 1000 [ms] from target presentation, it was judged that participants did not recognize the existence of targets.
Independent variable consisted of five levels of contrast, whereas the dependent variables comprised the latency and the amplitude of saccadic movements. Statistical analysis was performed by using a general linear model(GLM) of the Minitab software (Minitab Inc., State College, PA, USA). Figure 3 shows the changes in average latency by each contrast. As can be seen from the figure, the latency to the 10% of contrast was significantly larger than the other contrast conditions. Since the contrast conditions of 17.8% or more did not affect the latency, it was considered to be difficult to use the contrast in the range of 17.8% or more as an index to change the latency of saccadic movements. Further investigation was suggested to focus on whether contrast conditions in the range of 17.8% or less can be used as an index to change the latency of saccadic movements. However it was found that, there were cases where the target itself was not detected in the contrast conditions of 17.8% or less, thus there was a possibility that the range of contrast for investigating the influence on saccades was limited, hence, wide range of latency cannot be ensured enough for the resolution for diagnosing the severity of relative scotoma. Applying the factors associated with the prior probability and transport delay used in the previous study (Carpenter, 2004) should be considered for establishing an index to detect relative scotoma since such factors may enhance the temporal resolution for the saccadic latency. Figure 4 shows the mean amplitude of saccades for each contrast level. There was no significant difference in amplitude of saccades by contrast conditions. Lamirel, et al. (2014) reported that the saccadic amplitude for glaucoma patients was smaller than those for normal individuals and concluded that the factor for smaller saccadic amplitude was due to the damage of retinal ganglion cells. Therefore, our results implied that the contrast of the visual target had less influence on the amplitude of saccadic movements than the damage of retinal ganglion cells does. As a conclusion in our study, the contrast was not a factor to influence the amplitude of saccadic movements.
Results and Discussion

Conclusion
In this study, the influence of target contrast on saccadic latency and amplitude were evaluated by conducting an experiment to measure saccadic movements in different contrast condition. As a result, saccadic latency was affected by target contrast within the limited range of contrast regardless of the direction of saccadic movements, and saccadic amplitude was not affected by target contrast. The results indicated that the potential use of appropriate contrast can be designed as indices for changing saccadic movements. However, to determine the range of contrast required further research.
